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U.S. Chemical Safety and Hazard Investlgatlon Board (CSB)

In 1990 the U.S. Chemical Safety and Hazard Investigation Board (CSB) was created as
an independent board in the amendments to the Clean Air Act. Modeled after the National - |
Transportation Safety Board (NTSB), the CSB was directed by Congress to conduct '
investigations and report on findings regarding the causes of any accidental chemical releases- _
resulting in a fatality, serious injury, or substantial property damages In October 1997, Congress
authorized initial funding for the CSB. The CSB started its operations in January 1998, and has

begun several chemical accident mvestlgat:lons More mformatmn about CSB may be found at the o

CSB Homepage on the Internet at ¢ ‘WwWw. chemsafety gov

For those Jomt investigations begun by EPA and _OSHA under the previously mentioned

~ MOU and prior to the initial funding of the CSB, the agencies have cdmmitted to completing their
~ ongoing investigations and issuing public reports. Under their existing authorities, both EPA and

OSHA will continue to have roles and responsibilities in respondmg to and investigating chemical

“accidents. The CSB, EPA, and OSHA (as well as other agencies) are developing approaches for

coordinating efforts to support a001dent prevention programs and to minimize’ potential
duphcatlon of activities.

Basis of Decision to Investlgate

-

On Tuesday, April 8 1997, a 5 700-gallon hydrochlonc acid (HCl) storage tank ruptured
while being filled at the Surpass Chemical Co., Inc. The spill of HCI, a corrosive and toxic
chemical, resulted in injuries to employees and members of the public, as well as public
evacuations. EPA and OSHA considered the impacts of the tank failure with respect to the -

- MOU criteria and the potent1a1 for lessons-learned and decided to initiate a joint investigation.

The scope of the investigation was to determine the immediate and root causes of the tank failure

* and to make recommendations that could assist Surpass and others to prevent similar accidents

from occurring in the future.




Acadent Investlgatlon Report
Surpass Chenncal Company, Inc Albany, New York Aprll 8 1997

ExeCutlve Summary

h)

~ On Tuesday, Apnl 8 1997, at apprommately 8: 59 am.,as, 700 gallon hydrochlorrc acid
(HCl) storage tank ruptured during filling at the Surpass Chemical Co., Inc. (Surpass), in Albany,
New York. The failure. of the HCI tank caused a ‘significant portion of its liquid contents (which
totaled about 4,800 gallons of 31% HCI) to suddenly surge over the secondary containment. The
force of the hquld also caused a break in-the secondary containment wall. Witnesses descrrbed
seeing greemsh—ye]low fumes dr1ft1ng offsite as well as liquid material running offsite and along
‘the street curb to the storm drains: As a consequence of the incident, 8 workers and 32 others .
were taken to the hospltal A 10- block area, mcludmg nearby busmesses and residences, was
evacuated

Based on the impacts of the incident and the potential for lessons-learned, EPA and
OSHA' dec1ded to undertake a Jomt chemical accident investigation to determine the immediate
and root causes of the HCI tank failure and to make recommendations to Surpass, government,
mdustry, and others that could assist in preventmg similar 1nc1dents from occurrmg 1n the future

The Joint Chemical Ac01dent Investlgatron Team (J CAIT) determmed that the Jmmedlate
cause of the incident. was the overpressunzauon of the HCl tank The team. 1dent1ﬁed the root
causes as: '

> Modifications to the venting of the HCl tank were not within the tank
manufacturer s spe01ﬁcat10ns for- emergency ventmg

> . No hazard analy31s of the modlﬁcatlons to the venting of the HCl tank was
performed

> Inadequate preventlve maintenance of the scrubber system
Addijtionally, the J CAIT 1dent1ﬁed the followmg contrlbutmg factor
> Lack of a written standard operatlng procedure (SOP) for air off- loadmg of
- deliveries to the HCI tank, mcludlng an inadequate method for deterrmmng that the

dehvery was complete

The J CAIT has developed recommendatlons that address the root causes and contnbutmg
'factors in order to prevent a s1m1lar event

> Surpass and other facilities should ensure that modifications to their equipment, in




'

- this case for the purposes of env1ronmenta1 control, do not create new hazards or .
compromise safety.

> Surpass and other facilities should maintain envnomnental control systems to v
ensure contmuous rehablhty and effective operatlon

> Surpass should develop written standard operating procedures (SOPs) related to
the use of air pressure for off- loadmg HCI and maintenance of the scrubber system,
including consrderatlon of human factors such as adequate measuring devices to -
reduce the chances of errors 1n determmmg the complet1on of the dehvery
> EPA and OSHA should develop an alert to raise awareness about the need for
‘ thorough con51derat10n of safety when des1onmg equipment or processes for
“ envrronmental control.

~ In addition to the root causes and contributing factors associated with the HCI tank
failure, the JCAIT identified other potential problem areas that may have contributed to the
consequences of the incident. These issues included the location of mcompatlble materials (HCI
and sodium hypochlonte) near each other and the need for penodlc inspection of storage tanks.
As appropnate these issues wﬂl be addressed in any alerts that EPA and OSHA develop.

‘ Also, Surpass is a member of the N at10na1 Assocmtlon of Chemlcal D1str1butors (NACD)
and participates in the NACD Responsible Distribution Process program, which encourages
continuous improvement in the safe handling of chemicals. A timely and thorough -
implementation of the Respons1ble Distribution Process program by Surpass may have led to
mmprovements in Surpass s system to manage health, safety, and envnonmental concerns.

Another issue identified by the J CAIT is the listing of HCI solutlons under the Risk
Management Program (RMP) Rule. Under a recent modification to the list of regulated
substances for the RMP Rule, only anhydrous hydrogen chloride and HCI solutions of 37% or J
- greater will be covered (62 FR 45130, August 25, 1997). As this incident demonstrates, solutions

with HCI concentrations below 37% may pose potential hazards to human health or the :
environment. The circumstances of this incident should be con31dered in any future evaluation of
how to list HCI solutions for the RMP Rule. o | ‘ .

v
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1.0 Introduction
1.1 Description of the Event

On Tuesday, April 8, 1997, at approximately 8:59 a.m., a-5,700-gallon hydrochloric acid

(HQJ) storage tank ruptured during filling at the Surpass Chemical Co., Inc. (Surpass) in Albany,
"New York. The failure of the HCI tank caused its liquid contents (about 4,800 gallons of 31%

HCI) to suddenly surge over the secondary containment. The force of the liquid also caused a’

break in the secondary containment wall. “Witnesses described seeing greemsh—yellow fumes

drifting offsrte as well as liquid matenal runmng offsite and along the street curb to the storm

drains. ' : : : i

Local, state, and federal officials responded. As a consequence of the incider t, 8 workers -
* and 32 members of the public- were taken to the hospital, treated, and released. A 10-block area, "
including nearby businesses and residences, was evacuated. Surpass and 1ts contractor remedlated

the spﬂl in coordination W1th local, state, and federal ofﬁc1a1s
: 1.2 ~ Scope of Investlgatlon

- Atthe conclusion of the emergency response and remedlal actions, EPA anleSHA
initiated an investigation by a Joint Chemical Accident Investigation Team (JCAIT)., L The JCAIT
~ was directed to determine the inimediate and root causes of the HCI tank failure and to make
recommendations to Surpass government and industry that could assist in preventing similar
incidents from occurring in the future. The investigation was to be concurrent with the OSHA -
compliance investigation. This report represents the conclusion of the JCAIT’s mveistlgatlon }
1.3 Structure of Report o ? o I

" This report summarlzes the ﬁndmgs, conclus1ons and recommendations of the JCAIT.

‘ Sectlon 2 presents background information on the facility and the HCl storage and ﬁllmg
operations. Section 3 describes the incident, including the chronology of events, the

- consequences of the failure of the tank, and the emergency response. Section 4 describes the

' investigdtion and the technical and causal analyses of the facts. Section 5 describes the J CAIT’
conclusions about the 1mmed1ate cause, the root causes, and the contnbutmg factors that led to .
the incident. Section 6 summarizes the JCAIT’s recommendations to Surpass, government, and
. industry for chemical accident prevention, and Section 7 covers other problem areas 1dentiﬁed in
- the course of the mvestlgatlon of the HCl tank failure. ‘ ’




2.0  Background
2.1  Facility Information

Surpass is located at 1254 Broadway in Albany, New York, about 1. 75 miles northeast of
the downtown area. The company manufactures pool chemicals and repackages chemicals and
detergents The Broadway facility is located in a light business area at the edge of a residential
nelghborhood -

2.2 Process lnfomnaﬁon “

At the Broadway facility, Surpass repackaged 31% HCl onsite in a botthng operatlon into.
one-gallon bottles for sale as a treatment for swimming pools. In the spring, Surpass typically
started receiving HCI shlpments more frequently to meet demands for the swim season. Based on
production reports for April, 1997, Surpass repackaged up to 12,000 gallons of HCl Apnl 1
through April 7. :

Based on purchase order records for 1995 through early 1997, Surpass recelved tank
truck deliveries of HCI at an average rate of one to two shipments per ‘month, with some
variability due to seasonal demand. During the same period, shipments generally ranged from
4,600 gallons to 5,200 gallons (nommally 5,000-gallon orders) and were ordered from either of

.two suppliers, Reagent Chemical and Research, Inc. (Reagent), Mrddlesex New Jersey, or PVS

Chemicals, Inc. (PVS), Buffalo, New York. In April, Surpass had received two deliveries prior to
the day of the incident— 5,060 gallons on April 2 from Reagent and 4,600 gallons on April 4 from
PVS Reagent was makmg a dehvery of 4, 950 gallons on the day of the m01dent April 8.

(a) HCl Storage Tank '
AS, 7@0-0a]lon (working capa01ty) ﬁberglass reinforced plastlc (FRP)1 atmospherrc -
pressure storage tank was used for the bulk storage of 31% HCI at ambient temperature. The .
HCI storage tank was 7% feet in diameter and 18 feet high. The tank was manufactured by
Owens-Corning (model 86 MACS) and purchased by Surpass in 1978. As originally designed,
the top of the HCI tank had two 3-inch diameter nozzles, a 2-inch diameter nozzle, and a 22-inch
diameter manway. A 3-inch diameter nozzle was installed on the side of the tank, about 7 inches
from the bottom of the tank. The manufacturer’s des1gn specrﬁcatlons included a caution that, if
the tank was to be air loaded, it had to be vented with a minimum 22-inch diameter opening
durmg the filling penod The manufacturer also speCJﬁed that the tank pressure was not to

! Reinforced plastxcs are composites in whrch aresin (in th1s case, a phenolic resin) is combined with a
remforcmg agent (in thrs case, glass fiber) to nnprove one or more properties of the plastic matrix. FRP combines
the corrosion resistance of plastic with the strength of glass ﬁber FRP tanks are widely used to store corrosive

materials (Lees, 1996).




exceed 10 mches of water, equlvalent to about 04 pounds per square 1nch gauge (ps1g) 2

The tank was put into serv1ce in 1979 or 1980 and used for HCl storage until about 1985
It was originally located on the west side of the building and elevated. ‘about 2 to 3 feet above .
grade, supported by a steel stand, to permit gravity discharge of its contents. The HCI tank was

- splash filled from the top through the 2-inch diameter nozzle, One nozzle on the top was fitted-

with a vacuum breaker and the other was not in use. The tank did not have any gauge for-

measuring volume; the method of measuring the liquid level at that time is not known by the

. JCAIT. . At that time, the tank had no controls for the HCI vapors. ‘Surpass reported that the
'manway was loose-bolted and HCl fumes could .escape throughthe manway. In 1985, the tank
was taken out of service because fumes escaping from the tank were 1rr1tatmg to those downwind

of the tank, and there was corros1on around the manway ' -

~ In.1988, Surpass contracted w1th Emplre Flberglass Products Inc., Little Falls, New
York, to make repairs, seal the manway closed (in anticipation of adding a system to control
~fuming), and add a 2-inch diameter nozzle in the side wall about 2 inches from the bottom of this
HCl tank (in ant1c1pat10n of adding a gauge). In 1989, the tank was placed back in service and
‘lnstalled on the southeastern side of the buﬂdmg, within a newly built secondary containment area.
"(See Figure 1 for a’schematic of the storage tank area.) The building provided two walls of
- containment. A dike, 4 blocks high and reinforced with steel bar, provided the other two walls.
. The HCI tank was elevated 8 feet above ground level, supported by a steel platform, to permit
gravity discharge of its contents. Nearby, in a separate diked area, three other tanks were used
. for bulk storage. At the time of the incident, two of these were used to store 13% sodium
_ hypochlorite (N aOCl) Further lnformatlon on the Worklng capacmes or the mventorres of these
tanks was not collected by the JCAIT. — -

At the time of re- mstallatlon Surpass made two addrtrons to the HCI tank, a scrubber .-
>system and a pressure gauge adapted to indicate volime. The scrubber system was intended to
reduce the quantity of HCl fumes escaping into the environment. Acid vapors generated during
the filling operation were vented through two lines-- 2 and 3 inches in diameter-- that intersected
" at a tee and continued as a single 3-inch diameter vent line. This vent line ran from above the top
of the tank and extended vertically below the HCI tank into a scrubber tank. (See Fi igure 2 for a
schematic of the HCl tank.) The end of the vent line was fitted with a diffuser section consisting
" of a connection, a 90° elbow, and an 18-inch length of 3-inch diameter plastic pipe which had .~ °

~ been drilled with 36 holes, each %6-inch in diameter, and fitted with an end cap with 3 holes drilled
 into it (a total of 39 holes) (See Flgure 3fora schemat1c of the defuser sectlon ) ’

The diffuser sat in a 50—ga]10n loosely—covered plastlc drum referred to as the scrubber
tank. (The scrubber system is shown in Figure 2.) Initially, the tank was filled with sodium

This design pressure is consistent with the design pressures commonly found for atmospheric” tan‘ks for
example, "[m]ost storage tanks are designed to withstand a gauge pressure of only 8 inches of water (0.3 psi) and
will burst at about three times this pressure.” (Kletz, p9lL. )

Ty : A
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carbonate (Na,CO;) for the intended purpose of neutralizing the vented HCI acid vapors: “The’
neutralization reaction between the Na,CO, and HCI was expected to form sodium chloride
- (NaCl), carbon dioxide (CO,), and water. To attain a lower freezing point in the scrubber
solution, the sodium carbonate was’ replaced with sodium hydroxide (NaOH). A similar
© neutralization reaction between NaOH and HCl was expected to produce NaCl and water. Other
chemical reactions in such a scrubber system are also possible. For example, carbon d10x1de '
(CO,p) from air may react with NaOH to form N a,zCO o
At the time of the incident, a NaOH caustlc SOlllthIl ‘was bemg used in the scrubber tank

Based on interviews, the scrubber system had been last d1sassernbled and emptied in November,
1996. At that time, Surpass reports that the scrubber solut1on was replaced with 15 to 20 gallons v
of 18% concentratlon NaOH. ‘ : ‘

"There were no written standard operating procedures for the maintenance of the scrubber
system. Maintenance required.the periodic removal of NaCl, a by-product of the reaction
“between the HCl and NaOH, as well as monitoring of the pH of the solution to maintain basic -
* (high pH) cond1t10ns The general procedure for monitoring the pH of the scrubber solut1on was
. .to test the solution using litmus paper following each acid dehvery ‘If the pH was found to be -
- ' below 9, one-quart bottles of either 50% or 18% NaOH were added to raise the pH. No written
‘records of the pH monitoring were kept by Surpass. No-written records were kept of the caustic - -

“additions, and it is not known how many, if any, add1t10ns were made between November 1996

and April 1997 '

Surpass had httle documentation on the des1gn of the venting and scrubber system.
- According to interviews, the vent line was ‘sized using a rule of thumb that the area of the
discharge (outlet) vent should be at least tw1ce the area of the 1nlet Vent ' :

At the tlme that the HCI tank was re- mstalled a pressure gauge also was installed on the
HCl tank for the purpose of measuring the liquid level in the tank. The gauge was installed on the
2-inch diameter line near the bottom of the tank and was protected from corrosion by a diaphragm
system. The pressure gauge measured the pressure head of liquid above the tank bottom, using a

scale reportedly ranging from O to 15 psig. Surpass performed theoretlcal calculations relating the |

“pressure head to the height of l1qu1d in the tank and the density of HCl to develop a template.
displaying volume in gallons that was overlaid on the dial face. The scale ranged from O to 6,120
gallons and was marked off in 360 gallon increments. Surpass made 'a final calibration of the

- gauge with the first HC1 delivery. Surpass believed the gauge to accurately reflect delivery .

amounts by plus or minus 100 gallons. .QOver time, the gauge was not recalibrated, as the volume -

readmgs were genera]ly n agreement with the expected quanutres of the dehverres

, . To supply the bottlmg operat1on HCl was grav1ty—fed from the HCl tank toa ﬂoat tank in |
- the production area that served as a reservoir for the bottling operation. The HCI tank-was
- equipped with an air inlet check valve to allow air into the tank as’it was emptied and thereby ’




prevent a vacuum. The ongmal de31gn specified that the vacuum should not exceed 4 mches of
water.

(b) Off-loading Operation | o - | ‘, | o | | -

A standard HCI tanker delivered the HCI shipment to Surpass. The working capacity of
the cargo tank was reported to be up to 52,000 pounds, equivalent to 5,380 gallons. The bill of
lading for the April 8 delivery showed that the truck contained 47,840 pounds, about 4,950
gallons of 319 HCI. To ensure that the truck is empty at the end of the off-loading operation, the
cargo tank is designed with a 4-inch d1ameter dip tube that goes down into a sump in the bottom,

~rear of the cargo tank

The tank truck used air pressure to unload the cargo tank The use of air to off-load HCl
is relatlvely common; one chemical supplier estimated that air off-loading is used at about 90% of
its customer facilities. The cargo tank was designed for a maxunum allowable workmg pressure’
of 35 psig and equipped with a pressure relief valve set at 32 psig.> The truck was equipped with
a compressor to pressurize the cargo tank. An air hose was used to connect the compressor to

- the air line, which was connected to the trailer tank The air hne was equipped with a pressure

gauge to measure pressure on the cargo tank

- To make a dehvery, the truck backed into an area onwthe northwest side of the building A

Z-mch diameter flexible hose was used to hook up the product discharge valve on the truck to the

facility’s hook-up flange for the fill line. The 2-inch diameter fill line ran Vertlcally to the rooftop
and across the roof to the top of the HCl storage tank (Flgure 2 shows the delivery set- up ).

Surpass had no written operatmg procedure for the off- loadmg of the HCl to this storage
tank. By tradition, the procedure was for the facility operator, known as the unloading
supervisor, to check that the HCI tank was empty and ensure that all discharge valves on the HCI
tank were closed. The unloading supervisor would show the truck driver the correct hook-up

‘ ﬂange and instruct the driver to use between 20 and 25 psig of pressure to off- load. Once the

transfer began, the unloading supervisor would visually check the scrubber system for percolation,
an indication to him that air was flowing though the diffuser. The unloading supervisor would
periodically check the HCI tank gauge, which was calibrated for volume, and monitor the off-

" loading procedure. When the gauge read “5,040 ga]lons the unloading superv1sor would

instruct the driver to shut off the compressor. The bleed-off pressure from the cargo tank would
be used to push the remainder of HCI from the truck to the HCI storage tank As the remaining
hquld HCIl was pushed out and replaced with air, the hose would surge or “k.le ” indlcatmg ithat .

3The U.S. Department of Transportation (DOT) regulates the transportation of hazardous materials,
including the specifications for design and construction of HC1 cargo tanks. Examples of these design
spccrficatlons include requirements for maximum allowable working pressure; material and thickness of material;
pumps, piping, hoses, and connections; and pressure relief. Title 49 of the Code of Federal Regulatlons (CFR) .

details the requrrements for hazardous matenals transportatlon

8 .




‘all of the ]1qu1d had been transferred The unloadmg supervisor relied solely on thls hose k1ck as - "
an indication that the liquid dehvery was completed : ‘

Reagent had a written standard operatmg procedure (SOP) for driver unloadmg Th1s

, procedure included having the customer identify the correct hook-up flange; hooking up the

- flexible hose from the cargo tank to the hook-up flange; opening the facility’s product valve;

' pressurizing the cargo tank to about 10 psig;.and opening the product discharge valve. During
the unloading, the driver-is expected to monitor the tank pressure using the gauge. The SOP
warns that tank pressure is not to exceed 30 psig at any time during transfer. When the tanker is
, empty, the driver is expected to ensure that the hose is clear of material: The driver is also -

expected to check W1th the facility as to the procedure for bleedmg off the pressure from the

- tanker. :

23  Chemical Ihforthation 3
The chemlcals involved i in the Apr11 8th release were hydrochlorlc acid (HCI) in aqueous
solution, sodium hypochlorite (NaOCl) also in aqueous solution, and chlorine, generated by the

reactlon between HCl and N aOCl Informatlon on each of theue substances is presented below.

Hvdrochlorlc ac1d

- Aqueous HClis a solution of hydrogen chloride (a gas under ambient conditions).

- Aqueous HCl is a strong acid. It is corrosive and can cause severe eye and skin burns. Hydrogen -
chloride fumes can be released from aqueous HCI; the amount of fuming depends on the
concentration of the solution and conditions such as temperature The fumes are irritating to the .
skm eyes, and resplratory system. ' :

HClis a versatlle chemical that has a number of d1fferent mdustnal uses, including
. production of chlorides, ore reﬁnmg, as a laboratory reagent as a catalyst in chemlcal product10n
. and etchmg and cleaning metals :

The most generally shipped solutions of HCI are 20 degrees Baume (°Be )4 equlvalent to -
31.45% HCI; 22°Be” (35.21% HCI) and 23 °Be” (37.14% HCI) (Chlorine Institute, 1996). The
solution shipped to Surpass for repackaging was 20 °Be’. The den81ty of 20 °Be” HCl is
approximately 9.671 pounds per gallon at 60°F.

Aqueous HCl is reactive with a number of substances. It reacts with most metals to

) 4Thc Baume hydrometer scale is a calibration scale for md1cat1ng the spemﬁc gravity at 60 °F (15 6°C)of
‘some liquids in commerée. Baume' is abbreviatéd as Be', and the reading on the scale is degrees Be' (°Be’). For . -
liquids heavier than water, 0 °Be’ corresponds to a spemﬁc gravity of 1.000 (i.e., the density is equal to the density
of water). Specific gravity is calculated as 145/(145 - °Be’) at 15.6°C. 20 °Be’ corresponds toa spec1ﬁc grav1ty of
1.16'(Handbook of Chermstry and Physics, 1989) .




release flammable hydrogen gas, and it reacts with strong oxidizers to release toxic chlorine.

[

Sodmm hvnochlonte

NaOCl} is a solid in pure form, but is not very stable as a solid; it is generally produced and

used in water solution. Aqueous solutions of NaOCI are used as bleach of disinfectant. ‘The
aqueous NaOCI solution stored onsite at Surpass-was 13.25% concentration.

Aqueous solutions of NaOCI are fairly stable, but are subject to some decomposition,
depending on factors such as concentration, pH, temperature, light, and impurities. The major
decomposition products are oxygen and chlorate ion (ClO;). If NaOCl is mixed with acid,
hypochlorous acid (HOCI) is formed. HOCI is much less stable than NaOC]I and will undergo
decomposition reactions forming oxygen, chloric ‘acid (HCIO,), and chlorine. Decomposition to
chlorine involves a rever31ble reaction between HOCI and HCI (an intermediate decomposmon
product). If HOCI is mixed with large amounts of HCI, the reaction will proceed primarily in the
direction of chlorine formatlon and chlonne W111 be generated (Klrk-Othmer 1993)

NaOCl isa strong ox1dlzer NaOCl solutlons are corrosive, and exposure to solutions can

cause irritation to the eyes, mucous membranes and skin.
Chlorine

Chlorine, which was produced in the reaction between HCl1 and NaOC], is greemsh—yellow
gas with a suffocating odor. It is poisonous and corrosive. Exposure to relatively low
concentrations may cause stinging or burning of the eyes, nose, throat, and chest. Exposure to
high concentrations can result in death. ‘

"

10
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30 ' Descrlption of the Inicident 3
| 3.1 vChronololgy of Eveénts - o . .
-+ 1978 " «I;ICI t@k nvas purchased:by:Surpass.
#1979 (estimated) HCl tanl_{ Wasinstalledat original location; a

4. 1985 (estimated)’ HCI fank was taken out of service.

41988 ' 'HCI tank was repaJred 4nd modified under contract to Empire -
‘ AT Fiberglass Products, Inc. in:order that Surpass- could place it back -
~ into service. At this time, the 22- mch d1ameter manway was . '
'perrnanently bolted closed ;
_ 4 Spring 1989 -~ The HCl tank was msta]led in the spring. A pressure gauge o
: S modified to read volume by afﬁxmg a template on the dial, was
installed on HCI tank for the purpose of monitoring the liquid level
in the tank. (See Section 2 of this report for additional details.) -
-Add1t1ona]ly, a scrubber system was added to reduce HCI fumes. i

4 November 1996  Based on interviews, the scrubber system was cleaned out in N
‘ o November and the solut1on replaced with 15 to 20 gallons of 18%
NaOH. ' : ,

- 4 Nov. 1996 to 5 OOO—gallon deliveries of 31% I—l[Cl were rece1ved by Surpass ata
. April 1997 rate of 1-2 dehverles per month

4 April 7 1997
6:30 am.  Started bottlmg HCl1 from the storage tank Time based on

productlon report

: (timé not known) » The bottling operator drew off HCI from the lowest nozzle on the
. ‘ S storage tank until no more product would grav1ty feed. The
- volume gauge also read zero.

' (time not known) To contlnue with the bott]mg operat1on Surpass ordered a 5, OOO-
‘ ' - gallon sh1pment of 31% HCl from Reagent for dellvery the next
‘day " .

s o 4:50 p.m. The Reagent tanker was loaded at Standard Chlorine of Delaware
P o - Inc The bill of ladmg stated that 47, 840 pounds of 31% HCI were

11




+ April 8 1997

7:15 am.

7:30 a.rn.

- (time not known)

7:40 a.m.

(time not known)

7:50 a.m. ,

8:55 a.m.

loaded. Time is based on b1ll of lading. |

~ The tank truck arnved at Surpass to dehver 47, 840 pounds

(equ1valent to 4,950 gallons) Time based on witness interview. |

This Y was the truck driver’s first dehvery to Surpass The. dr1ver
asked about unload air pressure. The unloading supervisor stated
that unload pressure should be 20 to 25 psig. Unloading supervisor
also told driver that it would take approximately 1% hours to
unload mcludmg hookmg up and d1sconnect1ng the product hose.
Time is estlmated

The unloadmg supervisor reportedly walked to the HCI tank and

checked that the dlscharge valves on the HCl tank were closed

The unloadmg supervisor reportedly walked back to the truck
Tanker started off-loading HCl to the storage tank using air
compressor. Time based on witness interview.

- The unloading supervisor reported that he checked scrubber tank

and observed percolating in the scrubber, an indication to him that
the vent lme and diffuser were open and operatmg

The unloadmg supervisor told botthng operator that he could start
drawmg off HCl. Per the bottling product1on report, the bottling

_ operator began drawing off HCI from the HCI storage tank to the

reservoir for the bottling operatlon The bottling operation
contmued until the HCl tank faﬂed T1me is based on productlon
report

The unloadmg supervisor noted that the volume gauge read 5, 040 .

. gallons and reported this to the driver. According to the truck

driver, the compressor for the tank truck was turned off about 1
hour and 15 minutes into the delivery. At the time that the |
compressor was stopped, the pressure gauge on the cargo tank was
reported to have read 20 psig. Both the unloading supervisor and
the dnver reported picking up the product hose line after the
compressor was turned off and that the hose felt heavy, indicating
to each of them that liquid was still in the line. Within 1-2 minutes,
it was reported that the pressure in the cargo tank of the truck
drops to about 18 psig. T1me is estlmated based on witness

12




recollections of how long after these events. the rupture occurred.
-859am. Approx’irnate'time of vessel rupture.

- The unloading superviSOr instructed the truck driver to shut the
‘ unloadlng valve on the tank truck. Truck driver reported that the
. pressure gauge on the cargo tank read 16 ps1g after the rupture

9:01 a.m.. ., . 'Flrst of several emergency 911 phone calls was placed '

3.2 Consequences of the 'In'c1dent E

The HCI tank head separated ata point about 5 feet from the top of the.tank and flew

" about 15 feet west to the roof of an adJacent buﬂdmg Figure 4 shows the separated tank after =~ - -

the incident, and Figure 5 shows the top.of the tank. The bottom of tark failed in the knuckle' -
area where the cylindrical part of the HCI tank meets the flat bottom, as shown in Figure 6. The
tank bottom remained on the platform. The cylmdrlcal part of the fiberglass shell began to unwind
itself at the top edge (see Flgures 4 and 5). The shell also remained on the platform but -
collapsed, leaning toward the west bulldmg wall (see Figure 6). The scrubber tank was not
affected by the tank fallure it was found mtact in its original posmon aftér the mc1dent as shown
in Flgure 7. ' : S :

At the time of rupture, the HCI tank contained ab’o'ut.4,800‘ gallons of material. The ’
. failure of the HCI tank caused a sudden surge of liquid over the secondary containment wall. The
force of the liquid also caused a break in the masonry of the se(‘ondary containment wall. Surpass
has estimated that as a result of this release, about 150 gallons were absorbed by soil within the -
‘property boundary and about 2,300 gallons entered storm drains located on Broadway The
storm drains emptled into an underground stream, ‘the Patroon Creek, a tributary of the Hudson
- River.- Surpass also estimated that-1,900- gallons were contained within the ‘secondary
- containment dike and that 400 gallons entered a nearby bulldm{J through a wmdow in the north
* wall and through an exhaust fan'in the west wall. , , . —.

During the event, a 2-inch dlameter NaOCl ]me that was located in proximity to the HCl
tank was broken, and an estimated 200 gallons of NaOC] was released into the secondary
: contamment The JCAIT believes that a reaction occurred between the two chemicals, causing
the generation of chlorine gas. Witnesses described seemg greemsh—yellow fumes (assumed to be
chlorine) dr]ftmg offsite, as well as’ hquld materlal runmng offsite’and along the street curb to the :
storm dra1ns . : :

Asa consequence of the incident 8 workers and 32 members of the pubhc were taken to
. the hospital, treated, and released. A ten—block area, mcludmg nearby busmesses and res1dences
was evacuated :

13
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3.3 Descnptlon of the Emergency Response

The JCAIT did not collect in-depth detalls about or evaluate the emergency response
actions, but a brief overview is provided here.

Employees from Surpass’s Broadway facility, where the incident occurred, and another
Surpass facility on Bridge Street, Albany, New York, responded to the incident. The Albany Fire
Department and other local and state officials responded to the emergency. The local sewer
authority tested the pH at the confluence of the stream and the Hudson River.

- Federal ofﬁcxals, mcludmg representatlves,from OSHA s Albany, New York, Area Office
and U.S. EPA Region 2, responded by afternoon on the dayof the incident. The OSHA
compliance officers entered areas of the facility where the HCI had been released to collect
samples and gather preliminary information from the employees and managers. The EPA on-scene
coordinator also entered areas of the facility where chemicals had been released to assess the
extent of the release, to take photographs, and to monitor the response and recovery activities
performed by contractors hired by Surpass.

4.0  Analysis and Signiﬁcant Facts

On Aprll 21, 1997, the J CAIT formally met with the OSHA comphance team to begin
collaborating on the collection of ev1dence the formal request for documents, interviews of
employees and managers, and other field work. Additionally, the JCAIT arranged for a
demonstration of the off-loading procedures by the chermcal suppher as part of the field work to
support the mvestlgatlon

" At this preliminary stage of the investigation, the main failure scenarios considered by the
JCAIT were (1) overfilling with liquid; (2) overpressurization due to a blockage in the vent line or
diffuser; and (3) overpressurization due to undersizing of the vent to handle the pressure bleed-
down of the tanker

- A material balance based on company records was cons1stent w1th testlmony that the HCI
tank was essentlally empty prior to the delivery and the empty tank had the volume capacity to
receive the delivery. Additionally, the failure mode of the tank, the force associated with the
damage, and witness accounts are consistent with a pneumatlc failure. Thus, the JCAIT focused
on overpressurization of the HCI tank and the role of the ventmg/ scrubber system in the event.
‘The JCAIT did not consider material failure of the HCI tank given the circumstances of the '
incident and the force assoc1ated with the failure mode.
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" below:

41  Significant Facts

- . The mventory at the end of March indicated th"lt the HCI tank contalned

"The facts considered by.the JCAIT in determining the causes of the incident are listed -

The HCI tank truck that arrived at Surpass to make a dehyery had a shipment of 4,950

- gallons. The bill of lading for the dehvery stated that 47,840 pounds of 31% HC],

equrvalent to 4 950 gallons were loaded onto the tank truck on April 7

- On the morning of the mcrdent before the- off loadmg of the tank truck began the HCI
. storage tank was empty, as mdrcated by the fo]lowmg ‘

_approximately 2,300 gallons. During April, prior to the day of the incident, -
Surpass recen(ed 9,660 gallons of HC] and bottled 11 ,680-gallons. The

- “accumulation in the storage tank based on these values is 280 gallons. Within the
‘accuracy'of the gauge readings, this would indicate that the tank was.empty. \

-~ The bottling operator reported drawing down the tank on April 7 to empty it by
~ opening both the 3-inch diameter and the 2-inch diameter d1scharge lines located
- near the bottom of the tank. »

! The HCl tank had a Workmg capacrty of 5, 700 ga]lons

The heel in the empty HCl tank has been calculated by Surpass to be i in the range of 75 to

. 100 ga]lons

According to the bottling productlon report 288 gallons of HCI were bottled on the

" morning of the incident, during the period of time between the begmmng of the- dehvery

and the HCI tank rupture

, Pnor to the rupture, pressunzed air was entering the HCl tank from the pressure bleed—off ’

" of the tanker, as indicated by the followmg

-- One Wltness reported that after the mc1dent whlle the truck was still at the 51te he

I opened the manway on the top of the truck to look inside and observed that the =~ -
. cargo tank was “bone-dry.” Reagent also reported that the truck was empty.. This

indicates that the entire delivery of 4,950 gallons was transferred out: of the tanker

and into the HCl storage tank.

Yo

5The heel is the amount of residual that cannot be w1thdrawn' from the bottom of the tank by normal

emptying procedures. The estlmate of the volume of the heel is based on the cross-sectional area of the HCl tank
and the helght of the Iowest product d1scharge nozzle -




- The vertrcal hard prpmg from the tank truck hook-up to the storage tank was
mspected by OSHA after the incident and found to be essentlally empty, indicating
that the last material through the hard piping was air and further supporting the
finding that-all of the HCl had been transferred into the storage tank prlor to the
rupture.

The pressure gauge on the tanker was readmg accurately The tank truck was mspected
by New York State Department of Transportation (DOT) on April 9, 1997, and OSHA
venﬁed that the readmg on the truck’s pressure gauge was readmg accurately

The HCI tank ruptured into three pleces as descnbed in Sectlon 3. 2

The manway on the tank top was sealed shut, and the only way for vapor to escape from
the tank was throucrh the vent hne (See Flgure 7 )

The scrubber tank was not affected by the tank fa:llure it was found intact in its ongmal
position after the mcldent (See Figure 8. )

After the mcrdent, the diffuser in the scrubblng tank was removed by disconnecting the
vent line quick connect and removing the lid from the scrubber tank. The holes in the
diffuser were found to be clogged with a white crystalline substance, as shown in
Fxgure 9. ThlS substance was sod1um chlonde, according to. laboratory analysis.

A layer of white crystalline matenal‘ was also found in the b0ttom of the scrubber tank.
This substance also was sodium chloride, according to laboratory analysis.
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4.2 Ané‘lysis

- Basedon wsual observatlons of the fragmentauon of the HCl tank and consideration of
the force that would be required to cause the observed damage, the JCAIT determined that the
tank failure was due to overpressurization with compressed air rather than to overfilling with

‘ hquxd Failure from overpressurization mvolves a higher energy release than failure from

overfilling with hquld and the damage resulting from the failure of the tank is consistent with ‘
higher energy release. In addition, the tank was empty before the delivery of the HCI began and

had sufficient capacity to contain the delivery, therefore overfilling with liquid is unhkely Given'
the circumstances of the incident, the JCAIT believes that the failure of the HCI tank was not due

o age, wear, or defectlve matenals

4.2 (a) Venfing System Calculations .

As drscussed above, the J CAIT decided to focus on the overpressunzatlon of the HCl tank
and the role of the ventmg/scrubber system in the event. The JCAIT believed that
overpressurization was due to either blockage of the diffuser openings with NaCl or to
undersizing of the vent. In order to predlct whether blockage in the dlffuser or undersizing of the
vent was the more likely cause of the overpressurization, the JCAIT’s contractor developed a -
profile describing the change in pressure in the space above the liquid in the storage tank during.
the HCI delivery operation. Based on the analyses, the JCAIT found that the configuration of the
vent/scrubber system, including the sealing of the manway, led to the operation of the HCI tank
above the manufacturer’s design specifications during the normal air off-loading of deliveries: The
fouling of the diffuser over time led to the further increase in tank pressure and ultimately to the
failure of the tank. The analysis is summarized here; the consultant s report, describing the .
analysxs in detail, appears in Appendlx D.

General Descnptron

- In general, when liquids are transferred into atmospherrc storage tanks fitted w1th an open
vent, the volume of the head space above the liquid level is reduced, mcreasmg the tank pressure
momentarily. The increased pressure causes the displacement or flow of vapor from the storage

‘tank to the atmosphere in order to equalize the tank pressure with atmospherlc pressure. The

liquid fill rate and the vapor flow rate must be equal to ensure that negligible tank pressure builds

‘ over tlme

‘ In this case, however the storage tank was not ﬁtted w1th an open Vent to the atmosphere.
Instead, the vent line ran to a diffuser that was submerged in an NaOH solution in a scrubber tank.
The hydrostatic pressure of the solution in the scrubber tank created a backpressure, which
prevented displaced vapors from flowing through the diffuser until the tank pressure exceeded the

. hydrostatic head. For a period of time while liquid was being transferred, pressure built up in the

HCIl tank. Once the tank pressure exceeded the hydrostatlc head, vapor flow out of the dlffuser
began The ﬂow rate of vapor was a functlon of the tank pressure the backpressure from the .
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‘scrubber solut1on and- any pressure losses (for: example fmct1on losses in p1pmg or res1stance in
" fittings). »

" The rate of hqu1d flow 1nto the tank was a functlon of the pressure in the cargo tank of the
 truck, the differential pressure head created by pumpmg liquid from the truck to the top of the

- HCl tank, the backpressure created by the pressure within the HCl tank, and the d1mens1ons ‘
' (length and inner dlameter) of the fill line and hose ‘

At the end of the transfer, as the cargo tank was emptied of liquid, a point was reached at
which pressurized air from the cargo tank of the truckﬂowed into the HCI storage tank.

. Modeling

‘ A computer model was created to analyze the pressure proﬁle of the HCl tank durmg the
off-loading operation‘and to evaluate the effects of the HCI tank’s design features on the pressure
_ within the tank. (See Appendix D for details.) The analysis of the pressure in the HCI tank is

. based on an unsteady state mass balance calculation routme '

‘ ‘ To bracket the potent1al peak pressure in the HC1 tank durmg the off- loadmg, two |
scenarios were modeled

[ Unrestricted ﬂow assuming no fouling of the %s-inch diameter diffuser openingS' and -

(2)‘ " Restricted ﬂow assuming that all of the diffuser openings are reduced to a Y- 1nch
- diameter because of fouhng (about 84% reduct1on in the cross- sectlonal area)

. The HCl tank pressure as a function of t1me calculated by the model is presented m - |

Flgure 10 (for unrestrrcted ﬂow) and in Flgure 11 (for restrlct ed ﬂow)

The model assumes that the HCI storage tank was at atmospheric pressure prior to the off: -
~ loading of the HCl. The submersion of the diffuser in the scrubber solution resultedina .
backpressure equal to the hydrostatic pressure of the solution, estimated to,be 0.6 psig. It was
assumed that no vapor flow occurred out of the diffuser until the pressure W1thm the HCl storage
-tank exceeded this superlmposed backpressure ~ ,

As the off-loading began, delivery of the liquid into the HCI tank pressure decreased the
tank’s void volume. The combined effect of no vapor flow out through the diffuser and the
decreased void volume was to increase the HCI tank pressure. The model predicts that the HCI
tank pressure increased until it exceeded 0.6 psig.  Note that this is above the design pressure of

'0.4 psig for the tank Orice the backpressure was exceeded, vapor flow out of the diffuser would
have begun." This point is marked as point A on Figures 10 and 11. The rate of liquid flow into
the HCI tank determined how quickly the tank pressure rose from atmospheric to the predicted: ,
value of 0.6 psig. For both scenarios, the rate-of liquid flow into the HCl tank was the same since. -
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the parameters of the off-loading are fixed by the known facts and circumstances of the off-
loading operation on April 8, namely, that 4,950 gallons of HCI were dehvered the HCI delivery
took approximately 80 minutes; the fill line and the flexible hose were 2 inches in diameter
(nominal); and that the pressure on the cargo tank of the truck was up to 25 psig. (These
parameters have been previously dlscussed in sections 2.2(a) and 3. 1 of this report )

Assuming that both the cargo tank pressure and the dlffuser backpressure remain relatively
constant, the pressure in the HCI tank remains constant at a predicted value of 0.6 psig ‘
throughout the delivery of liquid.

. Throughout the delivery of the liquid to the HCI tank, the pressure of the liquid discharged
to the top of the HCI tank is reduced below the pressure of the cargo tank by both the line
pressure drop and, more 31gmﬁcant1y, the change in the liquid head. At the end of the delivery, as
all the liquid in the cargo tank is evacuated, the effect of the change in the liquid head is quickly
eliminated as the liquid in the line is evacuated and displaced with vapor. At this point (labeled B
on Figures 10 and 11), the HCl tank pressure is predlcted to increase rapidly as the pressure

- within the cargo tank is relieved into the HCI tank. The net pressure in the tank is a function of

the flow of pressurlzed air into the tank and the rate of vapor ﬂow out of the diffuser.

- The rate of - vapor ﬂow out of the tank through the diffuser was modeled as a functron of
tank pressure and the diffuser backpressure and represented by flow calculat1ons for compressible
fluids through an orifice. The pressure drop associated with the flow of the vapor through the 3-
inch dlameter vent line would have further restricted flow, however this. factor was considered ‘
neghglble for the purposes of this modeling. The difference in the two scenarios becomes evident
in this portion of the pressure profile because the assumed available ﬂow area through the diffuser
differs. The peak pressure in the HCI tank is dependent on the ﬂow area of the diffuser.

For the um'estncted scenario, of unobstructed ﬂow through the dlffuser the HCI tank
pressure is predicted to peak at 3.4 psig. For the restricted flow scenario, assuming fouling of the
diffuser openings, the pressure could have peaked as high as 12 psig. These peaks are
represented as point C on Figures 10 and 11.

4.2(b) Tank Failure Pressure

The exact pressure that caused the tank failure was not estnnated Because FRP
composite structures are not homogenous; the design and manufacture of tanks varies with the
manufacturer; and the original design calculations were not available, the exact pressure at which
~ the tank would have failed cannot be readﬂy predlcted from the known facts. The modeling of the
pressure profile in the HCI tank predicted a peak pressure of 3.4 psig durmg the off-loading,
under normal operation of the scrubber. Although this predicted value is significantly above the
design specifications of the HCI tank, the prior use of the tank in this service indicates that it did
not exceed the yield point for the tank. Additionally, the diffuser was found to be plugged,
potentially raising the pressure to 12 ps1g, well beyond the normal operatron peak.
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5.0  Conclusions

For the purpose of maxmnzmg the lessons learned, the JCAIT considered both the root. ”

E ~ causes and contributing factors in developing the recommendations.: Root causes as defined in the

"EPA/OSHA memorandum of understandmg (MOU) are the underlylng prime reasons, such as

* fajlure of particular management systems, that allow faulty design, inadequate trammg, or

_ deficiencies in maintenance, which in turn lead to an unsafe act or condition and result in an
_incident. Contributing factors are reasons that, by themselves, do not lead to the conditions that
ultnnately caused the event; however these factors facﬂltated the occurrence of the event '

TheJ CAIT developed an events and causal factors chart (that is the basis of the
chronolo gy presented in Section 2) and used a root cause tree approach: that covered both the
-equipment and human performance root causes. This type of methodolo 2y prov1des a standard
set of root causes for investigators to evaluate and prov1des for a consistent and methodlcal
approach to be used by all the mvestlgators - ‘

.

5.1 Causes v

The configuration of the vent/scrubber system, including the sealing of the manway, led to

- the operation of the HCI tank above the manufacturer’s design specifications during the normal air
- off-loading of deliveries. The fouling of the diffuser over t1me led to the further increase in tank ‘
pressure and u1t1mate1y to the fallure of the tank

5.2 Root,Causes and Contnbutmg Fa_ctors

The JCAIT concludes that the root causes of the incident are: ‘

Modifications (the sea]mg of the manwav and the add1t10n of the scrubber svstem)

- to the venting of the HCI tank were not w1thm the tank manufacturer
pec1ﬁcat10ns for ventmg . S v

These modlﬁcatlons prov1ded madequate ventmg for the air off- load1ng accordmg '
to the tank manufacturer’s original design specrﬁcatlons, and eliminated any
) emergency relief of the vessel in the event that it was overpressurlzed

. No hazard analys:ts of the modlﬁcatlons to the ventmg of the HCI tank was |
. gerformed o .

" Surpass did not review the design of the modifications for the venting of the tank
(séaling the manway and adding the scrubber) to assess whether these changes
would lead to an overpressurization. An evaluation of the changes in the design of
the HCI tank using tools such as management of change (MOC) would likely have

identified the hazard of overpressuring the tank during air off-loading of HCI
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deliveries under normal or expected conditions. The air pressure capability of the
tanker far exceeded the design pressure of the HCl tank. A formal analysis of the
process hazards would have identified the need to ensure that the pressure from
the tanker was not d1rect1y dehvered to the HCl tank | :

. Inadequate prevent1ve mamtenance of the scrubber svstem.

Inadequate mamtenance permitted the diffuser section to become clogged with
solids, further reducing the scrubber’s capacity to vent the pressure buildup in the
HCI tank. Surpass had no written procedure for maintaining or inspecting the
scrubber system. Maintenance procedures would have been improved by -

- developing detailed procedures for testing and adjusting the scrubber solution--
‘including the frequency of tests, the parameters (pH, specific gravity, etc.) to be
measured, and the acceptable range of those parameters. Maintenance results

- should be documented in order to provide a mstoncal bas1s for revising the
procedures

- The JCAIT concludes that the contnbutmg cause to the 1nc1dent is:

. ~ Lack of a written standard operatmg procedure (SOP) for dir off- loadlng of

‘deliveries to the HCI tank, mcludJng an madeguate method for determlmng that the .
dehvegg was complete. ‘ . .

v |

Surpass had no written procedure for off-loading material from the delivery truck
to the HCI tank. While Surpass has procedures that have evolved over time based
on the experience of its employees, documenting those procedures in writing will
ensure that all employees perform similar tasks and procedures in a consistently
safe manner. Addltlonally, written procedures can be made avallable for ready
reference and can be used in the tra1mng of new employees

The written procedure should inc'lude the elements of the non-written, traditional
procedure such as step-by—step descnpt1ons of tasks, definitions of the safe
operating limits, and addltlonal precautions. The SOP would be 1mproved by
addressing certain elements in more.detail mcludmg, the pressure bleed-off of the
cargo tank; checking the operation of the scrubber system; and the issue of |
simultaneous filling and drawing off to the production area. As part of the SOP,
clear and definitive process displays must be used so that the operator can easily
recognize system errors.

Surpass s rehance on mformal methods of determmmg that the HCI dehvery was
complete could permit errors by the operators . The operator relied on a pressure
gauge modified to read volume to monitor the end of the delivery. The device did
not readily permit the operator to detect a potential error, such as




overpressurization of the tank and an inaccurate volume reading. The operator
also looked for the hose kick as an indicator that the liquid delivery was complete
The hose kick is a transient occurrence (on the order of seconds) that could be
overlooked. Instruments or devices that give a clear; understandable indication to
the operator (for example, a sight glass) would reduce the possrblhtles of errors. A
written SOP for off-loading deliveriés to the HCl1 tank should mclude procedures
for deterrmrung when the dehvery is complete

6.0 Recommendatlons

Based on the root causes and contrrbutlng factors of the HCl tank failure, the J CAIT has
developed the fo]lowmg recommendations:

Surpass and other Jacilities should ensure that modzﬁcatwns to thezr equzpment in this case -
for the purposes of environmental contral do'not create new hazards or compromise safety.
Before modifying equipment, Surpass and similar facilities should thoroughly review and approve
changes prior to implementation to ensure safe operation. Results of the review should be
documented One way to do this is by using formal management of change procedures for any
processes which involve the handhng of hazardous materials.

Sur_pass and other facilities should maintain enwronmental control systems to ensure.
continvous reliability and effective.operation. Based on the system design, the known fallure
h1story, and engineering judgement, Surpass and similar facilities should evaluate how long the
scrubber solution can be used before it needs to be replaced; develop detailed procedures for
inspecting, testing, and adjusting the scrubber solution-- including the frequency of tests, the -
parameters (pH, spe01ﬁc gravity, etc.) to be measured, and the acceptable range of those
parameters; and establish control mechanisms to ensure that preventive maintenance is performed
correctly. Maintenance procedures should be. written. Maintenance results should be
documented in order to prov1de a historical bas1s for rev1s1ng the procedures o g

-

Surpass should develop written standard operatmg procedures (. SOPs ) related to the HCI off-
loading and maintenance of the scrubber System. SOPs should be written in simple and
understandable language, reviewed for safety issues, and validated for accuracy. Procedures
should include details of the task to be performed; the types and frequency of instrument readings
and samples to be taken; safety precaut1ons critical parameters and safe operating limits.
Additionally, human factors such as communication issues; operator/equipment mterfaces for
displays; and adequate measuring devices should be mcorporated along w1th the procedures to
reduce the chances of errors.

EPA and OSHA should develop an alert to raise awareness about the need for thorougk
consideration of safety when designing equipment or processes for environmental control.
As part of their ongoing effort to prevent chemical a001dents EPA and OSHA jointly i issue alerts
to increase awareness of potent1a1 hazards In recent months EPA and OSHA have mvestrgated
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several accidents related to the des10n and/or operat1on of control devrces for air po]lutlon
Because of these acc1dents the agencies are con31der1ng developmg an alert to highlight the need
to consider safety prior to implementing changes, such as addition of end of the pipe devices, to
ensure that the devices are designed, maintained, and operated safely and. mtegrated with the rest
of the process to ensure that it is not adversely affected.

7.0 Other Fmdmgs

While investigating the HCI tank failure, the J CAIT identified othet potential problem
areas that may have contributed to the consequences of the incident. These issues are hsted ‘
below:

. AlthouOh the HCI storage tank was located in a separate diked area from the NaOCl
- storage tanks, the NaOCI storage tank discharge lines ran nearby to the HCI tank,

contributing to the hazard created by the incident. Due to their proximity, the NaOCI lines
were broken when the HCI tank ruptured. Incompatible substances (HCI and NaOCI)
were mixed together when they were accidentally released resultmg in a reaction that
produced a hazardous substance (chlorme) The generat1on of chlorine added to the
hazard posed by the hydrogen chloride fumes that were generated from the spill of -
aqueous HCI. Adequate separat1on distances for chemicals that are incompatible because
of reactivity are site-specific. Fac1ht1es should evaluate their s1te layout for potential
chemical incompatibilities. One way to do thlS is to perform a process-hazard analysis and
an off-site consequence analysis (for example, d1spers1on modeling) to evaluate the
potential risks. The results of such analysis should be documented and specific actions
taken, such as relocating tanks or installing safety measures or ‘barriers in situations where ‘
there are mcompatlblhty problems ‘ ‘

*  The design of the secondary containment was not adequate to withstand the sudden surge
of liquid over the dike wall. Similar instances have been cited in the literature. For
example, Lees suggests that the tidal wave of liquid resulting from the catastrophic failure
of an FRP tank is capable of demolishing a dike wall, or, if the tank is indoors, a building
wall (Lees, 1996, p 22/65) - ,

. As part of a facmty s mechamcal mtegnty program, storage tanks should be penod1¢a11y
inspected for parameters such as wall thickness, defects, surface hardness, and strain
measurement. The parameters to be tested, the type of testing, and the frequency schedule
should be determined as part of the facility’s mechanical integrity program based on

- known failure history, the manufacturer’s recommendations, and engineering judgement.
In 1995, Owens-Corning sent a letter to all of its former customers recommendmg that
they have their FRP tanks inspected annually by qualified ﬁberglass chemical equipment
process experts. This type of mformatmn should have been mcorporated by Surpass into a
mechanical mtegmty pro gram

»
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Surpass is a member of the N atlonal Assocmtlon of Chemical Dlstnbutors (NACD).

- NACD members have developed a program, called the Responsible Distribution Process
which outlines guldmg principles and elements to improve the safe handling of chemicals.
Commitment to the NACD Responsible Distribution Process is.a condition of continued
membership. Although the JCAIT understood that Surpass had not yet completed its

-, program, the JCAIT found several deficiencies in'Surpass’s management system, such as

undocumented standard operating procedures and lack of process hazard analysis. A -
timely and thorough unplementatlon of the Respons1ble Dlstnbutlon Process program by

- Surpass may have uncovered these deficiencies and led to improvements in Surpass S

- System to manage health safety, and environmental concerns.

. The Clean Air Act requires a periodip (every 5=year) review of the list of substances
covered under the Risk Management Program (RMP) Rule. Under a recent modification
to the list of regulated substances for the RMP Rule, only anhydrous hydrogen chloride
and HCI solutions of 37% or greater will be covered (62 FR 45130, August 25,1997). As

this incident demonstrates, solutions with HCI concentrations below 37% may pose
potential hazards to human health or the environment. The circumstances of this incident
should be considered in any future evaluatlon of how to list HC1 solutlons for the RMP

- Rule. :
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Appendlx A
J omt Chemical Acc1dent Investlgatnon Team, (J CAIT) members

g OSHA personnel who part101pated in the ac;01dent 1nvest1gat1on and development of the acc1dent
report include: =

 Mike Marshall’ OSHA National Office _‘ , o

Kay Coffey OSHA Albany, NY Area Office

Margaret Rawson OSHA Albany, NY Area Ofﬁce

EPA personnel who part101pated in the acmdent 1nvest1gat10n and development of the acc1dent report :
include: - : IR

Breeda Reﬂly - U.S. EPA Headquarters ' o S
'Ellen Banner . U.S. EPA RegionII SR ’ S
- Dilshad Perera. U.S. EPA Region IT
"~ Mohan Hede .~ U:S.EPA RegionII .
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Industry Codes

These codes are listed for mformat10na1 purposes

D 4097—88 Standard Speczfzcatzon for Contact—Molded Glass—F zber-Remforced Thermoset Resin
Chemical-Resistant Tanks, 1995 Annual Book of ASTM Standards, Section 8 Plastics, ASTM 1916
Race Street, Philadelphia, PA. ‘This standard includes requirements for materials, properties,
desxgn, construction, dimensions, tolerances, Workmanshlp and appearance for atmospheric pressure
above-ground cylindrical tanks fabncated by contact moldmg

‘ ‘QV

D 3299 88 Standard Specification Sor Fi zlament—Wound Glass-F zber—Reznforced Thermoset Resin
Chemmal-Reszstant Tanks 1995 AnnualBook of ASTM Standards, Sectlon 8 Plastics, ASTM 1916
Race Street, Phﬂadelphla PA. This standard includes requirements for materials, properties,
deSIgn, construction, dimensions, tolerances, workmanship and appearance for atmosphenc pressure
above-ground cylindrical tanks fabricated by filament winding. This standard covers both tanks
vented directly to the atmosphere and to tanks vented into a fume conservation system.

-
Pamphlet 150: Hydrochloric acid tank motor vehicle loadzﬁg/unloadmg, Edition 1;J une 1996, The |

Chlorine Institute.  This code presents guidance for the safe transportation, handhng, and recelpt
of HCI in tank motor vehicles. .
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Appendlx C
Other Accldents Involvmg Atmospherlc Pressure FRP Tanks

Y

. Collapse of FRP T ank at Wastewater T reatment Facﬂltv

7 In May, 1995 at a government-owned, contractor—operated fac;hty outs1de of B
Cincinnati, Ohio, a 16 900-gallon fiberglass reinforced plastic tank failed and collapsed.
Personnel were preparing the tank for testing and water was being added to fill the tank to . -

. 94% capacity. There were no personnel injured nor environmental impacts. A large portion
of the waste water treatment system was damaged and repalrs were estimated at $393,000
and requlred over a month to complete. ' : : '

The tank ruptured at its base and collapsed Investlgators found that the tank was -
overﬁlled and ‘estimated that the combined air and water pressure in the tank at the time of
" the rupture was greater than 70 psig-- approximately ten times the design pressure. The
direct cause of the accident was found to be a de51gn error in the tank overflow line. The root.
cause was an madequate des1gn review. Other contnbutmg factors were also uncovered

= Reference: DOE (1995) Type B Investzganon Report Collapse of Tank 343 Advanced '
t Wastewater Treatment Facility, DOE-FN—OOOl 95 M’ly 20, 1995 :




~ Appendix 1

- Modeling of Venting System |
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, ZJVE\ MATRIX Enginé'erin‘g,' In@

170 Highway 35, Red Bank, NJ 07701  Phone: (732) 7479111  Fax: (732) 741-5553
. I 3 © . Februarys, 1998

Ms. Breeda Rellly T . P -,
- US Environmental Protection Agency .

‘Mail Code 5104 - .

401 M Street, SW

Washington, DC 20460

Re: Surpass Chemical Tank Failure

Dear Breeda:
- / B - '
- U Presented herem is my report of fxndlngs concerning the referenced .
s matter. This report is based on the documents reviewed to date and the
" computer modeling of the tank failure scenario. This report may be ' o )
supplemented or amended subject to review of additional documents or other o T
materials relevant to the case. . -

Surpass Chemical.Company is a repackager and marketer of muriatic
acid. As part of their operation, Surpass. hlstorlcally received tankwagon loads
. of 20 Bé muriatic acid for repackaglng The deliveries were received infoa
. fiberglass reinforced plastic (FRP) tank by pressuring the tankwagon to 22 to 25
" psig (36.7 to 39.7 psia). On March 8, 1997, during the receipt of a load of - ‘
muriatic acid, the FRP tank failed !eadlng to the release of approximately 5000 C »
gallons of acid. v »

The tank was- manufactured by Owens Cornmg ‘and s shown on the
design drawings to be 7’-7"'in diameter and approximately 18’ stralght side with
a dome roof. The design specification indicates that the tank wasrated fora -
‘maximum 10" WC operating pressure and was supplled with a 24" dlameter :
hlnged vent at the top for vapor rellef

Thefi Ilmg line leading to the tank to whlch the tankwagon connected was
a 2” diameter PVC line discharging to the top of the tank. The 24" diameter vent
had been modified by Surpass to control the release of'acid fumes during .
delivery.  The 24” hinged opening was bolted closed and a 3” diameter vent line
was mounted on the top of the tank and routed to-near grade where it v :
discharged into a caustic solution in.a 50 gallon drum The purpose of the : R
caustic solution was ostensibly to scrub the acid fumes to eliminate an
. environmental or personnel exposure concern. The drum was reportedly filled
with approximately 20 gallons of solution which was manually blended tc 18 wt%
using 50 wt% NaOH solution. .

¢

Environmental Compliance Désign Profect Management Safety |

Ll
i
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The 3" diameter vent line was terminated within the scrubber drum by
fitting a custom fabricated diffuser. The diffuser was fabricated from PVC pipe
by drilling approximately 36 holes, each 5/8" diameter. After the accident, the
diffuser holes were found to be fouled W|th a crystalline solid.

The results of the |n|tral accident mvestlgatlon documented a timeline of
events which indicated that the delivery of muriatic acid totaled 47840 Ibs.
. {4950¢ gals) and that approximately 80 minutes after the start of the off-loading,
the FRP tank failed and released its contents. Other subsequent consequences
of the accident led to the release of chlorine gas from a mixture of the muriatic -
acid with sodium hypochiorite.

As a result of the failure of the tank, the roof and a 5 foot section of the
shell of the tank separated and flew 15 to 20 feet to the top of the adjacent
building indicating that the tank had been overpressured. A computer model
was created to analyze the pressure profile of the tank durlng)the delivery and to
evaluate the effect of the tank’s design features on the pressure within the tank.
The analysis of the pressure in the tank is'based on an unsteady state mass
balance calculation routine. The parameters used in the calculations are
discussed below.

The tank pressure is at atmospheric pressure before the beginning of the
muriatic acid off-loading. The submersed diffuser within the scrubber solution.
resulted in a backpressure during receiving operations equal to the hydrostatic
pressure of the solution within the scrubber drum. Therefore, no vapor flow
occurred out of the tank until the pressure within the tank exceeded this
supsrimposed backpressure. Based on the report of 20 galions of solution in the
50 gallon drum, the maximum backpressure created by this solutlon is calculated
to be 16" WC (0.6 psrg 15.3 psia).

. 'l'he delivery of the |lC|Llld into the tank caused an lncrease in the tank

: pressure due to the reduction in the void volume of the tank. As the tank
pressure increased above the diffuser backpressure, vapor flow out of the tank
began. The tank pressure at any time was dependent on the rate of liquid flow
into the tank and the rate of vapor flow out of the tank.

The rate of vapor flow out of the tank is a function of the tank pressure
and the diffuser backpressure and was calculated using an orifice flow
calculation method for compressnble flow. The pressure drop assomated with
the flow of the vapor through the 3” vent line would further restrict flow, however,
this factor was considered negligible and was ignored in the modeling effort.

The rate of liquid flow into the tank is a function of the pressure in the
tankwagon, the differential head caused by the liquid being pumped to the top of
the tank, the backpressure created by the pressure within the tank and the :
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, dlmensrons of the dellvery line and hose. The record lndrcated that the average
rate of liquid flow into the tank was approxrmately 60+ gpm based on 4947 -
gallons delrvered in 80 mmutes : ‘ -

The computer madeling on this basis indicates that the tank pressure first
inereased to overcome the diffuser backpressure and thereafter to establish a
sufficient vapor flow to equal the inlet liquid flow. Buring the liquid delivery the
" tank pressure was calculated to reach approximately 15.3 psia (16"WC gauge). -
This is more than the rated pressure for the tank but, nonetheless failure of the '

. tank drd not occur at this time..”

Throughout'the delivery of the liquid to the tank, the pressure of the liquid
- discharged to the top of the tank is reduced below the pressure of the
tankwagon by both the line pressure drop-and the change in Irqund head. The
latter is the mdre significant factor. At the end of the delivery, as all liquid in the .
tankwagon and line is vacated, the effect of the change in the liquid head is v
quickly eliminated as the liquid in the line i i$ evacuated and displaced with vapor.
At-this point, the tank pressure increased sharply as the pressure within
~ tankwagon is relieved into the tarik. The net pressure in the tank is the result of
the flow of pressured air into the tank which is only slightly offset by the . -~
contmued ﬂow of vapors out of the tank through the dlffuser

At this point in the delwery process, the tank pressure C|UICk|y rises from

- its pressure during liguid transfer. The peak pressure in the tank is dependent

on the available flow area of the diffuser. Two scenarios were evaluated to
- demonstrate the effect of fouling of the diffuser holes. The first scenafio is
~ based on no fouling. The second scenario assumes that the diameter of the 36
holes in the diffuser had been uniformly reduced to 1/4” from 5/8". Graphs of the
predicted pressure proflles of the tank under these condltlons are presented in
the attachments.

Under conditions of no fouling the tank:pressure at the end of the delivery
process was predicted to peak at 3.4 psig. Although this is significantly above
the recommended pressure limit for the tank, the prior use of the tank in this
service indicates that this did not exceed the yield point for the tank.. In the ,
. second scenario where the diameter was assumed to be reduced to 1/4”, the
‘ tank pressure peaks at approxrmately 12 psig.

The exatt pressure which caused the tank failure was not predzcted
However, the configuration of the vent/scrubber system led to the operation of
the tank under routine operations outside the specifications of the manufacturer.
The fouling of the diffuser over time led to the further increase in the tank i
pressure which eventually led to failure. The fundamental cause of this accident
-.was the improper design of the vent/scrubber system'to control the maximum '
_pressure within. the tank under foreseeable operating conditions.
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Ifyou have ény ques‘tions oﬁ this analysis,

. convenience.

Very frljly yours,

J. David Calvert, PE, CSP ;

Attachments

cc: Tom Uden - ICF Kaiser

please contact me at your.
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